Objective: To examine long-term changes in the U.S. pharmacist labor market across states.
A vailable evidence indicates that, since 1998, there has been a national shortage in the labor market for pharmacists and that the shortage continues to be substantial. [1] [2] [3] [4] [5] Employers in most states continue to report difficulties in filling pharmacist positions, and a national survey reported an upturn in vacancies during the past year. 5 The development of longitudinal datasets has enabled some tracking of trends before and during the shortage, including changing pharmacist workforce characteristics and work patterns; however, little is known about long-term supply changes across states. [4] [5] [6] [7] Along with trends across time, state-level research is important because pharmacy practice is regulated at the state level and, historically, there have been large differences in pharmacists per population across states. 8 Efforts to describe and better understand factors that influence state-level differences in the labor market for pharmacists have recently been undertaken. For example, a recent analysis examined differences across states in terms of filled pharmacist positions relative to the population. 9 Analyses assessing differences in market conditions for pharmacists across four specific states have also been published. 10, 11 Vacancy rates, difficulty in filling positions, and more recently a direct survey measure of the severity of the pharmacist shortage are examples of available measures related to the pharmacist shortage at the state level. 3 However, state-level data and analyses regarding the pharmacist workforce remain scarce. Furthermore, the most current and comprehensive predictive supply model provides estimates at the national rather than state level. 7 Economic principles suggest that employers in states affected by the shortage would tend to raise wages and subsequently attract pharmacists from lower-wage states. Therefore, migration and long-term changes in pharmacist salaries are fundamental to understanding the shortage at the state level. Reports of periodic salary surveys have appeared along with anecdotal evidence of salary and bonuses during the shortage period, though most of these reports do not control for pharmacist age and education level, and very few offer comparisons between pharmacist salaries and salaries of other groups. 12, 13 Overall, little examination has been made of salary changes across time at the national and state level.
In addition to migration, the number of new graduates from pharmacy programs is an important source of supply change that varies considerably across states. A recent study showed large differences in the number of pharmacy school graduates across states, even when adjusted for population. 14 Currently, many states are undergoing pharmacy education program expansion in an effort to increase graduates and hence ameliorate the shortage.
Objectives
The purpose of this study was to examine long-term changes in the U.S. pharmacist labor market across states. Specifically, our three objectives were to 1. Analyze in-state pharmacy school graduates, state-level migration of pharmacists between 1995 and 2000, and changes in the number of pharmacists by state between 1990 and 2000; 2. Examine pharmacist migration patterns by age; and 3. Measure long-term changes in the wages of pharmacists and variation in wages across states.
conceptual framework
Considering a variety of possible sources of change in the supply of pharmacists is important when looking at labor market dynam-
At a Glance
Synopsis: The 5% Public Use Microdata Samples data on pharmacists from the 1990 and 2000 U.S. Census surveys and data from the authors' previous research on pharmacy school graduates were used to evaluate nationwide and state-level changes in the pharmacist labor market. On the national level, the ratio of pharmacists to 100,000 population increased from 70 to 76, but 13 states experienced declines, and wide variations were observed from state to state. In terms of pharmacy school graduates, New York produced the greatest number, while Alaska, Delaware, Hawaii, Maine, Nevada, New Hampshire, and Vermont had no pharmacy graduates in the 1990s. An overall reduction in pharmacist supply was suggested in several states by the observation of increased relative wages combined with fewer pharmacists per 100,000 population. Younger pharmacists (age 24-35 years) migrated more frequently than older pharmacists, and Florida had the greatest inflow of migrating pharmacists. Generally for the United States, a constrained supply is illustrated by the observation of a 17% increase in average wages for pharmacists from 1990 to 2000-nearly double that for college-educated Americans overall. ics. The main sources of change examined in this study included increased pharmacy school graduates, increased net migration of pharmacists, and increased pharmacists returning from other professions or from being unemployed or retired. The relative size of supply changes and the relative contribution of migration, pharmacy school graduates, and in-state market supply changes in any particular state can be expected to vary based on numerous factors related to the costs and benefits of living in any particular state, as well as state-level policies related to pharmacy and state-level investments in the supply of pharmacists.
Wage rates in general are important indicators for market changes, and these can be compared among similarly skilled workers to help identify factors driving market changes. In this scenario, wages are viewed as an incentive to work in pharmacy and as an indicator of the demand for pharmacist services. Underlying this analysis of long-term trends in the pharmacist market is the emergence of the mainly demand-driven national market shortage of pharmacists in the middle to late 1990s. A demand-driven market shortage occurs when demand increases are larger than available supply, exerting upward pressure on wages. In general, a simultaneous increase in relative wages and the number of pharmacists suggests a demand-driven market shortage of pharmacists.
If a pharmacists shortage had affected all states to similar degrees, then basic economic theory suggests that wages would rise over time in all states and that supply would respond in all states. However, the relationship between wages and supply changes is more difficult to predict if such a shortage does not occur in any particular state. For example, if the supply of pharmacists is shifting substantially in a particular state (perhaps because of an expanded pharmacy education program), higher numbers and, accordingly, relatively lower wages could result.
In addition to considering long-term changes in numbers and wages of pharmacists across states, part of this analysis was devoted to an examination of migration rates for pharmacists relative to the population across age ranges. Given that costs of moving tend to increase with age (location-specific investments create benefits that are difficult to uproot), one would expect migration to decline with age. Aside from such a general trend, again basic economic theory does not provide a clear prediction for pharmacist migration relative to the population. Because the skills required to be a pharmacist are more transferable than those associated with many other occupations, pharmacists may be expected to migrate at a comparably higher rate. However, if the tendency is for pharmacists to develop more site-specific skills (such as opening an individual practice with local clients), then they may be less inclined to migrate than other members of the workforce.
Methods

Data
The majority of the analyses in this study were based on the 5% Public Use Microdata Samples (PUMS) from the 1990 and 2000 U.S. Census surveys 15, 16 ; these data provide a new source of information about the pharmacist workforce at both the national and state levels. The PUMS data are individual level and include self-reported information on age, gender, educational attainment, race, occupation, salary, state of residence, and state of primary employment. The 2000 PUMS data also contain information on where the individual lived in 1995, allowing an analysis of worker migration across state lines-an important variable for tracking one possible response to a workforce shortage. Further, the PUMS data contain sampling frequency weights, which allow estimation of total counts by occupation at the state level. The sample size (n = 10,346 in 2000 and 8,502 in 1990), roughly 5% of all pharmacists, is substantially larger than other recent datasets used to study workforce issues at the national level. Most recent studies have not had a sufficient sample size to address state-level differences. Finally, PUMS data from the 2000 U.S. Census can be compared with equivalent data from the 1990 U.S. Census to provide insights into overall changes in the market for pharmacists over time.
PUMS data were used to estimate the following information at the state level: pharmacist counts in 1990 and 2000, pharmacist salaries in 1990 and 2000, and in-migration and out-migration between 1995 and 2000. The PUMS data were also used in some instances to compare pharmacist earnings with subsections of the nonpharmacist population that share similar observable characteristics (see below). In addition, as an important scaling factor, many of the descriptive analyses incorporated total state populations, which also come from the 1990 and 2000 U.S. Census, but are taken from published statistics rather than calculated from the 5% PUMS datasets. 17, 18 To complement the Census data, information on the number of pharmacy school graduates per state was used from previous research. 14 
sample selection and variable definitions
Pharmacists were selected from the 1990 and 2000 Census data based on self-reported occupation; this included both employed and unemployed individuals. Fields indicating age and number of years of schooling were also used in record selection. The analyses focused on pharmacists 21 years of age or older who had, at minimum, a bachelor's degree. Age and education selection criteria were intended to reduce measurement error from miscoded or misidentified occupation. To make comparisons with the general population in terms of wages, total PUMS data (i.e., the total population) were used with the same restrictions on age and education.
We accounted for pharmacists' state of residence. Migration was measured using the "migration state" field in the Census data, which indicates where a person lived up to 5 years before a given Census year. In cases where "migration state" was different from the current state of residence, the person was considered to have migrated. The Census also provided information on total earnings from salary as well as weeks worked and hours per week. In addition, the data included information on demographic characteristics related to wages, such as educational attainment, age, gender, and race. Because many factors related to location may affect salaries, pharmacist salaries at the state level were compared with salaries of college-educated nonpharmacists of working age. The comparison group is meant to approximate the opportunity cost of practicing pharmacy using market earnings of similarly skilled workers in other occupations. In all salary calculations, a minimum hourly wage of $6.00 was used to help minimize measurement error. For consistency, 1990 salary data were converted to 2000 dollars using an inflator (1990 values were multiplied by 1.32) from the Bureau of Labor Statistics. 19 
Analyses
Various descriptive analyses were conducted to characterize state-level differences in the number of pharmacists and sources of change in the number of pharmacists across states, as well as comparisons of the number of pharmacists to the overall population in a state. Rates of migration across age for all pharmacists were examined. Descriptive statistics were also calculated for inflation-adjusted wages of pharmacists relative to inflation-adjusted wages of college-educated nonpharmacist workers in general.
results
The sample of pharmacists in the Census projects to a total pharmacist workforce of 217,408 in 2000. This estimated pharmacist population, based on weights from the Census sample, compares well with other estimates in the literature. 2, 7, 20, 21 Table 1 shows population counts and the percentage of the population older than 65 years by state. The vast majority of states experienced population growth. In addition, all states had a steady or slightly increasing percentage of the population that was older than 65 years. Table 2 shows the number of pharmacists per 100,000 population by state in 1990 and 2000. Nationally, the ratio of pharmacists to 100,000 population increased from 70 to 76, but 13 states experienced declines, and the overall change in pharmacist counts varied considerably among states. Note that because these numbers are based on a 5% sample survey of the Census, large changes in these ratios could be an artifact of small sample variance in states with small total populations. Hence, the 10 states with the lowest total population in 1990 are indicated in Tables 1 through 4 . Nonetheless, substantial variance in gains and losses was evident, even among states with relatively large populations, and not all states gained in terms of pharmacists. For example, Virginia and Ohio, two states with a relatively large population (top 15), had lower pharmacist-to-population ratios in 2000 than in 1990. Figure 1 shows the percentage change in the number of pharmacists per 100,000 population across the United States. Relatively high increases in the pharmacist numbers are observed fairly consistently across time in the western-most states and in the Southeast; however, as shown in Table 4 , the sources of change in those areas appear to be different. Figure 2 shows migration patterns across age-groups for all pharmacists 21 years of age or older, working pharmacists (those who reported that they were currently employed), and the comparison groups from the nonpharmacist population. The main finding is that younger pharmacists (age 24-35 years) migrated more frequently than older pharmacists and the population in general.
Comparative salary information across time for pharmacists and the general population revealed that, nationally, salaries grew significantly for pharmacists between 1990 and 2000 and that pharmacists earned substantially more than the general population of working, college-educated Americans. Specifically, the average wages (in 2000 U.S. dollars) for pharmacists increased from $26.58 per hour to $33.08 per hour (17% increase), while the average wages for all college graduates increased from $26.37 to $28.76 (9% increase). Table 4 shows wage changes by state.
Despite the general U.S. market clearly moving towards higher pharmacist salaries, the variation across states was substantial. In 32 states, a demand-driven shortage is evidenced by increases in relative wages and relative numbers of pharmacists. Reductions in both relative wages and pharmacist counts occurred in only two states (Wyoming and North Carolina). A reduction in supply is suggested by the increased relative wages along with fewer pharmacists per 100,000 population observed in a fair number of states.
Discussion
Consistent with past findings, the number of pharmacists and the number of pharmacists per 100,000 population across states varied substantially in 1990 and 2000, according to the Census. Further, this variance in supply across states does not seem to be converging or easily explained. For example, Florida experienced a relatively large growth in pharmacists and had relatively high numbers in net in-migration despite having one of the strictest licensure policies in the country. California produced small increases in pharmacy school graduates and had reseArch STATE LEVEL CHANgES IN PHARMACIST LABOR MARKET J o u r n a l o f t h e A m e r i c a n P h a r m a c i s t s A s s o c i a t i o n  w w w.p h a r m a c i s in-migration (perhaps as a result of strict rules) but managed to achieve moderate growth in the number of pharmacists per 100,000 population. California and the western states in general still tend to have lower numbers of pharmacists per population. Hawaii and Iowa experienced substantial growth in the number of pharmacists per population, while Nebraska, Idaho, and Utah saw relatively large declines.
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Specific reasons for the differing pharmacist totals are beyond the scope of the analyses but may result from variance in the underlying demand for pharmacist services or different delivery methods of pharmaceutical care across states. For example, relatively high pharmacist growth in Florida may be related to population growth, particularly among those older than 65 years. There may also have been changes in the demand for specific pharmacist services, such as counseling on specific products, that were not captured in the data used here. In contrast, technology changes such as mail-service delivery may explain why certain states had small positive or even negative changes in numbers of pharmacists during this period. Two important areas for future research are to examine the productivity of pharmacists across states and differences in the general provision of services across states. Are pharmacists in the West more productive, such that fewer are needed per population, or are they providing fewer services?
Younger pharmacists are more likely to migrate than older pharmacists and the population in general. This suggests that state policy regarding migration would tend to have the greatest effect on younger pharmacists. High levels of migration from a state by younger pharmacists does not necessarily mean lower overall supply if there are large numbers of pharmacy school graduates in a state. Overall, with the recent opening of new pharmacy schools and colleges and the expansion of existing programs, the total number of graduates per year has been increasing. 22 The relatively high migration levels for young pharmacy school graduates suggest that future dynamics in this labor market are important to track.
Despite increased numbers of pharmacists, the demanddriven shortage clearly has had a major impact on the market. Substantial increases in pharmacist wages relative to similarly educated workers were observed over the decade studied. However, not all states experienced large increases in wages and not all states saw an increase in the number of working pharmacists. These differences in market reactions are difficult to explain with available data. In general, employer surveys have shown similar levels of difficulty across states in filling pharmacist positions; this would suggest similar market pressures to increase wages on the part of all employers. 4 Why wage changes would not be similar across states is a question for future research. Basic characteristics of the population, such as age, wealth, and health status, as well as availability of technology, use of technicians, and local policy decisions related to pharmacists, can all have an impact on market equilibrium. The data discussed here provide important baseline information, but a definite need remains for more detailed data collection and synthesis, and a great deal more research to gain an understanding of what drives supply and demand in the market for pharmacists and the effect on the health of the population.
Limitations
The results of this research should be interpreted in the context of limitations in the analysis. In the Census data, pharmacists are identified based on self-reported occupation rather than licensure and/or employment records. Therefore, the totals reported here may differ from those using licensure information. In addition, totals by state are based on sampling weights from the 5% PUMS, which introduces inherent sampling-related error. This limitation may have greater relevance in states with small populations or limited numbers of pharmacists.
The analysis is based on the most recent Census (2000) data available. The Census is completed every 10 years, and the PUMS data are typically released around 4 years after the survey. Hence, these are the latest available data that examine the pharmacist market across states. Data from 2000 may not represent current levels of pharmacists. However, the distribution of pharmacists across states is unlikely to have changed substantially enough to negate the general findings, and many of the relationships examined (such as migration patterns across age and relationships between net migration and new pharmacy school graduates) would not be expected to change considerably over time.
The migration statistics are based on information on the state of residence 5 years previously. Hence, multiple state changes between 1995 and 2000 would not be counted in the migration analyses. r n a l o f t h e A m e r i c a n P h a r m a c i s t s A s s o c i a t i o Further, the pharmacy school graduate data and Census data are from separate sources that cannot be linked. Hence, the migration patterns of pharmacy school graduates are not able to be determined, and whether pharmacists migrated for work, school, or other reasons is unknown. Nevertheless, the data presented here provide a reasonable estimate of the migration patterns of pharmacists across age ranges.
conclusion
As the United States moves towards greater reliance on the use of medications to manage medical conditions, understanding the pharmacist market will grow increasingly important. This report provides a variety of descriptive information about general supply levels and sources of change in the supply of pharmacists. The general variance seen across states in broad measures of supply, as well as underlying causes of the dynamics of supply, remains unexplained, and detailed, consistent data at the state level are scarce. Increased effort to measure and evaluate the labor market for pharmacists is needed, particularly on a longitudinal basis.
Clearly, ample room exists for future research to identify and measure structural factors related to pharmacist productivity (e.g., available technology, use of technicians, payment policies) and the underlying demand for pharmacist services (e.g., patient characteristics, insurance coverage, practice patterns of physicians). Finally, more effort should be made to establish data that can be used to identify and examine the effect of policy decisions surrounding the pharmacist labor market (e.g., licensure rules, laws regarding technicians, local tax incentives). Given the constraints imparted by the available data, a strong argument can be made for increased investment into tracking the pharmacist workforce. 
